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 Sex steroids are essential for the reproductive system, especially gametogenesis. 
In bivalve, the processes of gametogenesis were controlled by nervous system. 
Recently, the biosynthetic pathway for sex steroids in bivalve is unclear. Although 
there are many experiments to show the enzymatic activities for metabolizing sex 
steroids in several mollusks, they are not directed evidences for proving completely 
biosynthetic pathway. To elucidate the biosynthetic pathway for sex steroids in 
bivalves, the identification of steroidogenesis-related genes is a crucial step to 
understand the mechanism of this synthesis. 
 
Chapter 1 
Biomonitoring and influences of environmental contamination in bivalves 
 Sex steroid biosynthesis is regulated by endocrine system, which controls the 
reproduction of vertebrates as well as invertebrates, especially bivalves. To show the 
evidence of estrogen functions on reproductive system, the environmental 
contamination of xenoestrogens could be used to show this role because these 
chemicals can act as endogenous estrogen. Atrazine (xenoestrogen) was investigated 
in sediment, water and freshwater mussels, Uniandra contradens from agricultural 
area, Thailand. The health status was determined by condition factor. This study 
showed that atrazine residues could contaminate in sediment and water at low levels 
as well as the accumulation of atrazine residues in freshwater mussels could be 
detected in every sample. The condition factor also showed negative correlation with 
atrazine residues, indicated that atrazine could possess seriously effects on 
gametogenesis. In general, estrogen acts through estrogen receptors for inducing 
signal transduction to control the reproductive system. Unfortunately, information 
about the reproduction of U. contradens was not enough to find the mechanism of 
estrogen function. However, Japanese scallop, Patinopecten yessoensis can be fulfill 
because it belongs to the same phylum. If estrogen receptors exist in scallop, it should 
be present these molecules in freshwater mussel. From this study, estrogen and 
estrogen-related receptors were identified in Japanese scallop as well as other bivalves. 
Structural and functional domain analysis showed these receptors belong to nuclear 
family and could bind with estrogen moderately. It may imply that estrogen are 





Molecular characterization of steroidogenesis-related genes in Japanese scallop 
 Estrogens are major sex steroids to regulate sex differentiation and maturation 
in vertebrate. Several bivalves have been demonstrated that vertebrate-like estrogen 
(E2) was associated with gonadal maturation and other reproductive activities. 
Japanese scallop, P. yessoensis, has an annual reproductive cycle and E2 levels 
increased during sexual maturation. However, the mechanism of estrogen biosynthesis 
is unclear so far in bivalves. To provide insight into the biosynthetic pathway for sex 
steroids, the identification of steroidogenesis-related genes is the key steps to 
understand. In the present study, eight putative genes were identified, namely star3, 
cyp17a1, hsd3b1, hsd3b2, hsd17b8, hsd17b11, hsd17b14 and srd5a1 by in silico 
survey. In this study, we cloned and characterized cDNA sequences of 
steroidogenesis-related genes by PCR. The results showed that all candidate genes 
were composed of several unique characteristics which indicated the functional 
domain of metabolizing enzymes for sex steroids in the biosynthetic pathway. Blast 
analysis revealed that the deduced amino acid sequences were similar with other 
known vertebrate and invertebrate sequences (45-99%). Based on sequence similarity, 
phylogenetic tree analysis showed that all putative sequences of steroidogenesis-
related genes clustered together with mollusks and other invertebrates clad but 
separated from vertebrate clad. Unfortunately, cyp11a and cyp19a sequences could not 
isolate from this study. Even though these two genes were reported to conserve in 
vertebrate lineage, this study could identify star, which can transfer cholesterol to the 
production site. Together with this, cyp3a was purposed to be a metabolizing enzyme 
for estrogen and could be identified in bivalves. It may assume that scallop utilized 
other cyps instead of cyp11a and cyp3a instead of cyp19a for sex steroid productions. 
To show the entirely biosynthetic pathway for sex steroids in scallop, this study 
revealed that key steroidogenesis-related genes can be isolated from the scallop, 
suggested that steroids could be metabolized by endogenous enzymes and its pathway 





mRNA expression of steroidogenesis-related genes associated with reproductive 
cycle of Japanese scallop 
 Estrogen plays an important role of reproduction in Japanese scallop, P. 
yessoensis, regulated by central nervous system. pyGnRH11aa-NH2 
(pQNFHYSNGWQP-NH2) and pyGnRH12aa-OH (pQNFHYSNGWQPG-OH) were 
isolated from cerebral-pedal and visceral ganglions. Moreover, pyGnRH11aa-NH2 
showed the potential regulation of spermatogenesis via estrogen secretion. From this 
study, the biosynthetic pathway for sex steroids in scallop was elucidated by cDNA 
identification. To understand the estrogen biosynthetic mechanism, mRNA expression 
of steroidogenesis-related genes were determined throughout the reproductive cycle in 
the gonads and tissue distribution was determined in non-reproductive and 
reproductive tissues at growing stage. The maturity was evaluated by morphology, 
gonad index (GI) and histology. The regulation of steroidogenesis-related gene 
expression was determined by ovarian tissue cultured with pyGnRHs. The mRNA 
expression was analyzed for eight putative genes. mRNA levels of star3 and cyp17a1 
expressed at high level in early differentiating stage in both testes and ovaries. In 
mature stage, higher expression level of hsd3b1, hsd3b2 were shown in testes and 
higher expression level of hsd17b8, hsd17b11, srd5a1 were shown in ovaries, but 
hsd17b14 was expressed with no seasonal variation. In addition, the mRNA expression 
of hsd3b1, hsd3b2 in testes and the mRNA expression of hsd17b8, hsd17b11 in 
ovaries showed the relation with gonadal maturation which increased from early 
differentiating until mature stages. The pyGnRH11aa-NH2 showed up regulation of 
steroidogenesis-related gene expression unlike in pyGnRH12aa-OH treatments. 
Steroidogenesis-related genes were expressed broadly in scallop tissues, which mainly 
found in gonads. These findings indicate that steroidogenesis-related genes in scallop 
have a seasonal expression with reproductive cycle. Furthermore, the hsd3b and 
hsd17b were supposed to play an important role on steroidogenesis of this scallop 
under the regulation of pyGnRH. 
